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G H A P T E R - I 
I N T R O D U C T I O N 
Location & A c c e s s i b i l i t y : 
Rajgarh d i s t r i c t i s a p a r t of Malwa Pla teau , s i t u a t e d 
in the northern p a r t of Madhya Pradesh Sta te ( F i g . l ) . Rajgarh 
i s bounded by Jhalawar d i s t r i c t of Raj asthan in the nor th -
west, by Shajapur d i s t r i c t in t h e south-west , by Sehore d i s t r i c t 
in t h e south-eas t / by Bhopal d i s t r i c t in the eas t and by Guna 
d i s t r i c t of Madhya Pradesh in the n o r t h - e a s t , Rajgarh i s conne-
cted to Jabalpur and Bhopal in Madhya Pradesh and J a i p u r in 
Raj as than by the Nat ional Highway Nuinber-12, The National Highway 
Ntiniber-3 runs through the cen t ra l por t ion of the d i s t r i c t , conne-
c t i n g Agra and Bombay. The neares t railway s t a t i o n , Biaora i s 
l oca ted at a d i s t a n c e of 26 kms. sou th -ea s t of d i s t r i c t head-
q u a r t e r s . 
The study area , which l i e s in the north-western p a r t of 
Rajgarh d i s t r i c t i s bounded by r i v e r Kali-Sindh and Chhapi in 
the west and e a s t r e s p e c t i v e l y . I t l i e s between nor th l a t i t u d e s 
2 4 ° 2 ' 5 0 " and 2 4 ° 1 0 ' 4 2 " and e a s t longi tude 7 6 ° 1 1 ' 2 8 " and 
76^25" 3 4 " and f a l l s in t h e Survey of India toposheet No.54D/4 
and 54D/8, Machalpur town which i s s i t u a t e d in the cen t r a l p a r t 
of the study area, i s connected with Rajgarh town and Bhopal 
by motorable meta l led jroad. 
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Climate & Rainfa l l t 
The cl imate of the Rajgarh area I s semi-ar id and the 
average annual r a i n f a l l ranges between 796,6 mm and 1291,3 mm. 
The maximvam p r e c i p i t a t i o n i n the area occurs during the period 
from June to September, Average minimum and maxlmvim tempera-
t u r e in the area recorded i s 9.7 C and 4 3,1 C in the months of 
January and May r e s p e c t i v e l y . The temperature begins to r i s e 
r ap id ly from the beginning of the month of March and May 
becomes the h o t t e s t pe r iod of the yea r . After the month of 
October^ the temperature s t a r t s f a l l i n g s t e a d i l y and January 
becomes the co ldes t month of the yea r . 
Vegetat ion t 
Vegetation i s mostly confined t o the f l a t va l l ey p l a in s 
and along the small ii^las which Inc ludes Mango, Palm, Babool 
(Accasia n i l o t l c a ) • Thorny bushes and grasses can be seen 
on the r o l l i n g ground and undulat ing uplands . Cul t iva t ion 
i s r e s t r i c t e d to the f l a t va l ley p l a i n s and along the drainage 
which spa rse ly occurs on the upland reg ions . 
Cropping Pa t t e rn : 
Scarc i ty of water has made the area to be monocropped 
i n n a t u r e . Cotton i s the p r i n c i p a l crop grown in the a rea . 
Groundnut, jawar, paddy, maize, sugarcane and vegetables are 
cult ivated under kharif crop whereas gram, wheat, mustard and 
some other vegetables are giown under rabi crop. 
Physiography t 
Physiographically, Rajgarh i s divided into four d i s t i nc t 
regions, which are described as follows: 
i) Flat valley plains 
i i ) Undulating and rol l ing surfaces 
i i i ) Flat to s l igh t ly undulating uplands 
iv) High h i l l ranges. 
Flat valley plains are developed as a result of deposi-
tion of sand, s i l t and clay, brought by r ive r s . Because of 
d i f fe rent ia l weathering and erosion of the trap rocks, the 
ro l l ing and undulating surfaces have been developed* Due to 
dissection of marginal areas, the l e f t outl surfaces have been 
resulted in f l a t to s l igh t ly undulating uplands. The high 
h i l l ranges can be seen in Narsinghgarh and Sarangpurareas. 
The study area fa l l s in the Chambal Basin. The peren-
nial r ivers draining in the area are Parvati , Newaj and Kali-
Sindh whereas Garganga, Parwan, Chhapi and Ghora Pacchar ranain 
dry during sxinuner. The topographic divides have been developed 
between the r iver Parvati , Newaj and Kali-Sindh trending almost 
north-south. 
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The highest point , which l ies a t Narsinghgarh area, is 
about 576 m.above the mean sea leve l . The lowest point i s 
located on the valley bottom near Grandhanpura village* i s 
318,5 m, above the mean sea l eve l . The regional slope of the 
area is from south-east to north-west, 
Landuse t 
The landuse in the area i s c lass i f ied into different 
categories such as pasture land, cul t ivated land, cul t ivable 
land and waste land/fallow land, Table-I depicts t h e i r geo-
graphical area in hectare for the period 1980-1986, 
Previous work i 
No systematic studies regarding the geomorphology and 
groundwater resource evaluation have so far been carried out in 
the area. State Groundwater Survey, Department of I r r iga t ion 
and Geological Survey of India (1979) have established the gene-
ra l i sed Geological succession of Rajgarh d i s t r i c t , which is 
given in Table-II , 
At present, flow mapping of the trap rocks i s in progress 
by Geological Survey of India, In the recent year Central Ground 
Water Board and State Ground Water Survey Department have carried 
out some hydrogeological investigations in the Rajgarh d i s t r i c t . 
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T A B L E - II 
Age Format ion/Sys tem Rock IVpe 
Recent 
Pllestocene 
Upper Cretaceous 
to Lower Eocene 
Upper Cretaceous 
Pre-Cambrian 
Alluvium 
L a t e r i t e 
Deccan Trap 
Lameta Bed 
Unconformity 
Vindhyan 
Alluvium 
L a t e r i t e 
Basalt 
Limestone/ 
Sandstone 
Sandstone and 
Quar tz i te 
Scope and Purpose of Present Work : 
As mentioned e a r l i e r , the s tudy area f a l l s under 
the semi-ar id c l ima t i c zone. The continuous low r a i n f a l l 
has caused the s c a r c i t y of groundwater resoxorces and need 
to eva lua te the new aquifer zones has become a ser ious 
concern. The modern remote sensing techniques , which 
possess t h e i r importance in monitoring the water resources 
as well as loca t ing the grovmdwater p o t e n t i a l zones i s made 
used in the present i n v e s t i g a t i o n . 
The purpose of the present work i s : 
A, to delineate the various geomorphic units and t h e i r 
hydrogeological behaviour in order to assess the 
groundwater potent ia l zones in the area, 
B, to study the fracture pattern in order to know the 
movement and storage of groundwater. 
C, to determine the regional movement of groundwater. 
D, a selection of the area in respect of recharge and 
discharge of groundwater. 
E, to suggest the techniques for conservation and conjun-
ct ive use of groundwater. 
Proposed Work : 
The proposed work deals with the preparation of base 
map on the scale of 1 * 50,000 in order to exhibit the 
topographic features and re l ie f of the area. The visual 
in terpre ta t ion of Landsat data on the scale of 1 j 50,000 
and ae r i a l photographs on 1 : 60,000 scale with limited 
f ie ld checks will be carried out in order to delineate 
the various l i thologic and geomorphic uni t s , drainage pat tern 
as well as hydrological behavioiix of different geomorphic uni ts , 
A water table contour map and depth to water level map will be 
prepared to delineate the recharge and discharge s i t e s of 
groundwater as well as i t s movement and the existence of ground-
water body with respect to depth respect ively. 
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C H A P T E R " I I 
M A T E R I A L S A N D M E T H O D O L O G Y 
General Statement t 
Remote s e n s i n g techniques were taken Into account for 
t h e proposed work. Airborne, spaceborne and o ther supplemen-
t a r y data were tised as the b a s i c mater ia l for hydrogeomorpho-
l o g i c a l mapping. In r e l a t i o n to t h e s e various other instruments 
and mater ia l s were used during the course of i n t e r p r e t a t i o n of 
d a t a . 
Data Reqxiirement s 
A l i s t of var ious types of data needed f o r the present 
i n v e s t i g a t i o n , i s g iven below : 
( i ) Survey of Ind ia topographical maps on 1 : 50,000 s c a l e s . 
( i i ) Black and white aer ia l photographs on 1 s 60,000 s c a l e s . 
( i i i ) Fa l se co lour composite (034) images of Landsat 5 on 
1 X 50,000 and 1 t 250,000 s c a l e s covered in path-row 
number 146-043 . 
( iv ) Black and white images o f Landsat 5, MSS band 2 and 4 on 
1 X 50,000 and 1 : 250,000 s c a l e s . 
(v) Avai lable meteoro log ica l d a t a . 
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Methodology s 
During t h e course of s tudy , t h e following i n v e s t i -
ga t ions were c a r r i e d o u t : 
Survey of Ind ia toposheets No.54 D/4 and 54 D/8 
were procured • and a base map was prepared using the 
toposheets which helped in p lann ing of t r ave r se s in order 
to c o l l e c t t h e ground t r u t h d a t a . Aer ia l photographs were 
i n t e r p r e t e d and drainage l i n e s were mapped on 1 : 60«000 
s c a l e , using Mi r ro r - s t e r eos cope. Drainage mozphometery was 
c a r r i e d out through synthes i s and q u a n t i t a t i v e ana lys i s of 
t he drainage map. 
Visual i n t e r p r e t a t i o n of t h e following Landsat images 
was ca r r i ed out us ing hand-lens and l i g h t t ab l e : 
(I) False colour composites of Landsat 5 thematic mapper 
data on 1 s 250,000 and 1 : 50,000 s c a l e s . 
( I I ) MSS Black and white images of band 2 and 4 of Landsat 
5 on 1 t 250,000 and 1 : 50,000 s c a l e s . 
Geological, geomorphological and s t r u c t u r a l d e t a i l s 
were i d e n t i f i e d , i n t e r p r e t e d and d e l i n e a t e d using s tandard 
i n t e r p r e t a t i o n techniques . 
Prel iminary geological and geomorphological maps 
were prepared on 1 : 250,000 and 1 : 50,000 s c a l e s . The 
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planned t r a v e r s e s were taken in o r d e r to c o l l e c t the ground 
t r u t h , which involves the checking of geologic and geomorphic 
boundar ies , variovis l i t h o and geomorphic u n i t s , land-cover , 
dra inage behaviour, presence and absence of j o i n t s and f rac tu res 
in water bear ing horizon and t h e i r a t t i t u d e s . F o r t y - s i x obser-
va t ion wells were s e l ec t ed and t h e i r water l eve l s and o t h e r r e l a t e d 
parameters were c o l l e c t e d . Ah e f f o r t was made to observe the 
behaviour of groundwater in the accjuifers of d i f f e r e n t geomorphic 
t ini ts* Depth to water leve l and wa te r t ab l e maps were prepared 
on 1 s 50,000 s c a l e s . 
The pre l iminary maps were modified on the basis of ground 
t r u t h da ta and thus f ina l maps were prepared . 
The ground water p o t e n t i a l zones were de l inea ted by super-
imposing an overlay of geomorphic i n d i c a t o r over the geological 
map showing l ineaments . Fig. 2 shows a stunmary of methodology 
in the form of flow c h a r t . 
2 
PURPOSE AND OBJECTIVE 
•SELECTION OF DATA-
TOPOSHEETS (1 :50 ,000) REMOTELY SENSED 
DATA PROCUREMENT 
PREPARATION OF BASE MAP 
TRANSFERING OF INTERPRETED 
DATA ON BASE MAP 
OPTICAL ENHANCEMENT 
TECHNIQUES 
VISUAL INTERPRETATION 
OF AERIAL PHOTOGRAPHS 
AND SATELLITE IMAGRY 
PRELIMINARY GEOLOGICAL AND 
GEOMORPHOLOGICAL MAPS 
GROUND TRUTH DATA COLLECTION 
MODIFICATION OF PRELIMINARY MAPS 
FINAL MAP PREPARATION 
DELINEATION OF GROUP WATER POTENTIAL . ZONES 
DISSERTATION 
FIG. 2 SUMMARY OF METHODOLOGY 
C H A P T E R - i n 
R E M O T E S E N S I N G T E C H N I Q U E S 
I. N G E N E R A L 
Introduction : 
Remote sensing i s concerned with observing and recording 
physical propert ies of objects in which we are in t res ted; such 
as composition, texture , density, tenprature, moisture content, 
e t c . , with the help of electromagnetic radiation reflected 
or emitted by them. In pract ice the term i s confined to the 
use of sensors detecting, measuring and recording energy ref-
lected or emitted in the form of electromagnetic radiation 
ranging in wavelength from u l t r av io le t to the microwave region 
of spectrum. The sensors employed are (i) cameras with normal 
or special films sensi t ive infrared (ii) e lect ro-opt ical system 
in the scanning mode using solid s t a t e detectors , ( i i i ) imaging 
tubes and devices and (iv) microwave system which can gather 
data even when clouds intervene. The data collected with the 
sophist icated systan are converted into imagery or d i rect ly 
processed on electronic computers. 
The remote sensing involves the multistage concept of 
s a t e l l i t e data, high a l t i tude data, low a l t i t ude data and 
ground observation. Each successive stage furnishes more 
detai led information over smaller area, A brief description 
of various remote sensing techniques is given as follows: 
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Aerial Photography : 
Aerial photography is the o ldes t mode of remote sen-
sing and even today in the age of s a t e l l i t e and electronic 
scanner, th is aerial photogr^h s t i l l remains the most widely 
used type of remotely sensed da ta . 
The aer ia l photography is a well known remote sensing 
system in which the focused image is recorded by photographic 
emulsion on a flexible film base using special type of 
camera mounted on a i r c r a f t . There are three basic types of 
cameras, used in aer ia l photography viz ; (i) Framing 
camera (i i) Str ip camera and ( i i i ) Panoramic camera. Four 
types of films are used in aerial photography, depending upon 
the objects are the (a) Black and white or Panchromatic film 
(b) Black and white near infra~red film (c) colour film and 
(d) False colour near infra-red fi lm. The focussed image is 
recorded on photographic film which consists of a f lexible 
transparent base and approximately 100 ;um thick layer of l i gh t 
sens i t ive emulsion. The resulting film is known as negative 
film, that i s subsequently printed on photographic paper called 
ae r ia l photographs. 
The te r ra in is photographed in ' r u n s ' . These runs are 
determined with the direction of f l igh t , keeping forward over-
lap and side Isp sixty and fifteen to twenty percent respect i -
vely. 
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When a set of overlapping photographs are placed under 
the stereoscope gives three diamensional models of the area. 
The angle a t which the ae r i a l photographs are taken i s 
used to c lass i fy the photograph into one of the three types, 
v e r t i c a l , low oblique and high oblique photographs. The ver-
t i c a l photographs are taken when the camera axis pointing 
ve r t i ca l ly downwards (inclination from ver t ica l shoxild not 
exceed nvore than three degree) when canera axis is t i l t e d 
beyond i t s ver t ica l called oblique photographs. In case of 
low oblique photographs, the horizon does not appear, whereas 
high oblique photographs have got suff ic ient t i l t to include 
horizon. 
The scale of photographs l ike the scale of map is the 
r a t i o of u n i t distance on the photographs to the number of 
u n i t distance on the actual ground. The scale of aer ia l 
photographs plays a key role in photogeologic mapping. The 
sca le of photographs (s) is determined by the focal length of 
the camera (f) and ver t ica l height of the lens (H-h) above 
the ground. The focal length of the camera is the distance 
measured from the centre of the camera lens to the film. The 
ve r t i ca l height of the lens above the ground (H-h) i s the 
hight of the ground above sea level (h) where the optic axis 
i s ver t ica l and ground is f la t , the scale of photograph 
c f 
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The geologic interpreta t ion of aer ia l photographs i s 
based primarily on the quant i ta t ive use of fundamental 
recognition elements vizj photographic elements include 
tone, texture, shape, s ize, pa t te rn , relationship while 
geotechnical elements include landform, drainage density and 
pa t te rn , vegetation, erosion pat tern and land tise alongwith 
the factors l ike convergence of evidence, scale and ver t ica l 
exaggeration ^etc. 
Geological mapping through aer ia l photographs involves 
the ident i f ica t ion of landforms, rock types, s t ructures 
e t c . 
S a t e l l i t e Remote Sensing s 
Sa te l l i t e remote sensing has become the most valuable 
tool to obtain useful information about the geology, geomor-
phology, land-use pat tern and hydiogeology of the area which 
enable the monitoring of ground water resources, determining 
i t s movements and delineating the geological s t ruc ture , colour 
anomalies, drainage and geomorphic indicators for location of 
recharge and discharge s i t e s . 
The s a t e l l i t e remote sensing system operates in a wide 
range of electromagnetic spectrum. I t records energy from 
infrared, thermal infrared, v is ib le and microwave portion of 
the electromagnetic spectrum. The satel l i te r-emote sensing 
system consists of a platform, navigation device operator, 
sensor, data processor and interpretor. 
The electromagnetic energy reflected or emitted by the 
object is received thrtxigh the sensor,which is fixed on the 
platform. The sensor converts the electromagnetic energy 
into signals. These signals are recorded by ground receiving 
station and displayed as either nximerical data or as images, 
A variety of sophisticated sensors are made depending 
upon the special and spectral resolution they are: 
RBV - Return Beam Vidicon 
MSS - Multispectral Scanner 
TM - Thematic Mapper 
HRV - High Resolution Visible 
LISS - Linear Imaging Self Scanning, 
In general the characterstics of satelli tes are presen-
ted in Table - III and their applications are given in Table IV. 
Thermal Infraced Imagery i 
All the matter having temperature more than absolute 
zero, emits energy at thermal infrared wavelength (3 to 15 }jm) 
in the day as well as in the night. The technology of imaging 
thermal infrared portion of electromagnetic spectrum was 
T A B L E - I I I 
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1 
-
LANDSAT 
i 3 
LANDSAT 
4 
USA 
5 
SPOT 
FRANCE 
I R S - I A 
INDIA 
Wife Span J u l y , 2 3 , 1 9 7 2 t o J a n . 2 2 , 1 9 7 5 March,5 ,1978 t o J u l y , 16 , 1982 March 1, 1984 Feb. 21 , 1986 March, 1 7, 
Kean A l t i t u d e 
Nominal 
p e r i o d o f 
f e v o l u t l o n 
E q u a t o r i a l 
C r o s s i n g 
R e p e t i t i v e 
Cyc le 
S e n s o r s 
S p e c t r a l 
Bands 
Radiometric 
Leve l s 
S p a t i a l 
R e s o l u t i o n 
Swath 
J a n . 6, 1978 
919 km. 
103 H i n . 
9 . 3 2 A.M. 
to Nov. 5, 75 
R e a c t i v a t e d 
June 6 , 1 9 8 0 
t o 
J u l y , 27, 1983 
919 km. 
10 3 H i n . 
9 . 3 2 A.M. 
18 days 
MSS/RBV 3, 
Camera 
18 days 
MSS/RBV 
(3Camara} 
Sept . 7 ,1983 
919 km. 
103 Mln. 
9 . 3 2 A.M. 
18 days 
MSS/RBV 
(Camera) 
MSS-64 and 128 grey l e v e l s 
MSS-79 mts, and 240 rats, ( f o r Thermal Band) 
RBV-40 m t s . 
185 km. 
( F a i l u r e ) 
705' km. 
103 mln. 
9 .39 A.M. 
16 days 
MSS/IM 
to (Contd.O 
March 3 1 , 1 9 8 9 
705 km. 
10 3 m l n . 
9 . 3 9 A.M. 
16 days 
MSS/TM 
832 km. 
101 .4 min 
1988 . 
(Contd.) 
904 km. 
163 .19 min. 
10 .30 A.M. 10 .25 A.M. 
26 days 
Sdays-
r e v i s i t 
c a p a b i l i t y ) 
HRV 
22 d a y s . 
L13S 
MSS-Band 4 - 0 . 5 - 0 . 6 pm 
Band 5 - 0 . 6 - 0 . 7 >im 
Band 6 - 0 . 7 - 0 . 8 um 
Band 7 - 0 . 8 - 1 . 1 um 
Thermal Band 1 0 . 4 - 1 2 . 6 uin(Land-sat 3 o n l y ) 
RBV-Camera 1 - 0 . 4 7 5 - 0 . 5 7 5 um 
Camera 2 - 0 . 5 8 0 - 0 . 6 8 0 ;im 
Camera 3 - 0 . 6 9 8 - 0 . 8 30 tun 
MSS-Band 1 - 0 . 5 - 0 . 6 iim 
Band 2 - 0 . 6 - 0 . 7 UJ" 
Band 3 - 0 . 7 - 0 . 8 jjjn 
Band 4 - 0 . 8 - 1 . 1 lun 
Perahromat ic 0 . 4 5 - 0 . 5 2 i a r 
mode 0.52-0.59u>r 
- 0 . 5 1 - 0 . 7 3 um 0»62-0.68>im 
0 .77-0 .86un-
M u l t i s p e c t r a l mode 
IM-Band 1 - 0 . 4 5 - 0 . 5 2 yra 
Band 2 - 0 . 5 2 - 0 . 6 0 vm 
Band 3 - 0 . 6 3 - 0 . 6 9 ym 
Band 4 - 0 . 7 6 - 0 . 9 0 pm 
Band 5 - 1 . 5 5 - 1 . 7 5 um 
Band 6 - 1 0 . 4 0 - 1 2 . 5 0 u m ( T h e r m a l ) 
Band 7 - 2 . 0 8 - 2 . 3 5 pm 
Band 1 - 0 , 5 0 - 0 . 5 9 pm 
Sand 2 - 0 . 6 1 - 0 . 6 8 pm 
Band 3 - 0 . 7 9 - 0 . 8 9 pm 
MSS-64 and 128 grey l e v e l s HRV-:56 g r e y LISS-128 
l e v e l s grey 
l e v e l s TM-256 g r e y l e v e l s 
MSS-79 m t s . 
TM-X m t s . and 120mts. 
(Thermal Band) 
170 km. 
Panchromatic L I S S - I -
7 2 . 5 m t s . 
mode-lOmts. L I S S - I I -
M u l t i s p e c t - 36 .75mt3 , 
r a l 
60 km, to 
85 km. 
L I S S - I -
148.48km. 
L I S S - I I -
74 km. 
SPOT-System P r o b a t o i r e d ' O b s e r v a t i o n de l a T e r r e . 
IRS-Indian Reoote S e n s i n g S e t e l l i t a 
MSS-Kult i S p e c t r a l .Scanner S y s t a a TM-Thematic LISS-Linear 
mapper. Imaging 
S t t f Sca -
• nn ing 
Sys tem. 
REV-Return Bean Vid icon KRV-Hlgh R e s o l u t i o n 
V i s i b l e S e n s o r System. 
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T A B L E - IV 
NAME OF SENSORES BAND WAVE LENGTH PRINCIPAL APPLICATION 
SATELLITE ( ;im ) 
(1) (2) (3) (4) (5) 
w 4 0 . 5 - 0 . 6 S e d i m e n t / r o c k t y p e s , l i n e a m e n t , 
S w a t e r d e l i n e a t i o n , s h a l l o w 
< w a t e r a r e a s , 
" ^^ 5 0 . 6 - 0 , 7 C u l t u r a l f e a t u r e s , v e g e t a t i o n 
j ^ t y p e s , a e r i a l e x t e n t o f w a t e r . 
SOT c l o u d ODver m a p p i n g , 
t J ^ 6 0 . 7 - 0 . 8 V e g e t a t i o n , b o u n d a r i e s b e t w e e n 
cu l a n d and w a t e r , l a n d f o r m s . 
OT 
•J h a z e , v e g e t a t i o n , w a t e r b o d i e s , 
§ l a n d f o r m s , c l o u d m a p p i n g . 
s 
0 , 8 - 1 ,1 P e n e t r a t i o n of a t m o s p h e r i c 
^ 1 0 . 4 5 - 0 . 5 2 Wate r body p e n e t r a t i o n , c o a s t a l 
•^  w a t e r mapping , s o i l & v e g e t a -
(0 t i o n d i s c r i m i n a t i o n , f o r e s t 
m a p p i n g , c u l t u r a l f e a t u r e i d e n -
t i f i c a t i o n . 
P 
z 
•^  2 0 . 5 2 - 0 . 6 0 Green r e f l e c t a n c e peak o f v e g e -
•4 t a t i o n , c u l t u r a l f e a t u r e . 
a 
cd 3 0.63-0.69 Chlorophyll absorption • region 
^ aiding in plant species 
< ^ differentiation. 
Vegetation types, biomass 
U ' content, delineating water 
3 
4 
5 
6 
7 
- 
0 . 6 3 - 0 . 6 9 
0 . 7 6 - 0 . 9 0 
1 . 5 5 - 1 .75 
1 0 . 4 - 1 2 , 5 
2 , 0 8 - 2 , 3 5 
E^  bodies, soil moisture, 
< 
Vegetation moisture and soil 
moisture. 
Vegetation stress analysis, 
soil moisture, thermal mapping. 
Mineral & rock types discri-
mination, hydrothermal mapping. 
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(1) (2) (3) (4) (5) 
(U 
(0 
m 
H 
i; 
EH a 
3 = 
CO 
M 
O 
M 
X 
Panchro- 0,51 - 0.73 
matic 
mode 
Mul t i spe-
c t r a l 
mode 
2 
3 
0.50 - 0.59 
0.61 - 0.68 
0.79 - 0.89 
I) Topographic fea tures in 15-30 n^  
I I )Drainage between 10&20m should 
be v i s i b l e . Less than 5 m may 
be de tec ted . 
I l l )Lineaments i d e n t i f i e d from 
landsa t wi l l be eas i ly v i s i b l e 
on SPOT. 
IV)Small geologica l fea tures l i k e 
gossans, dykes, in t rus ions and 
rock i n l i e r s in the order of 
10 m t o 80 m in diameter and 
width w i l l be more e a s i l y 
i d e n t i f i e d . 
V) Small f i e l d p a t t e r n can be iden-
t i f i e d and mapped. 
VI) Wide range of land«-cover types 
can be recognised ( i . e . grass 
land, woodland, ba r e so i l , 
mineral workings, q u a r r i e s . 
VII)Improved i d e n t i f i c a t i o n s of 
land-cover types due to g r e a t e r 
radiometr ic St spatlail r eso lu-
t ion by supervised c l a s s i f i c a -
t ion procedure . 
CO 
o 
H 
•z 
o 
(0 
u 
CO'^ 
CO 
O CO 
2 H 
H »:] 
< 
s 
a: 
< 
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1 
2 
0 . 4 5 
0 . 5 2 
0.52 
0.59 
0.62 - 0,68 
0.77 - 0.86 
Coastal environment s t ud i e s , 
chlorophyl l absorption region. 
Green vege ta t ion ,usefu l for 
d i sc r imina t ion of rocks and 
s o i l s for t h e i r iron content . 
Strong c o r r e l a t i o n with ch loro-
phyl l absorption in vegeta t ion , 
d i scr iminat ion of so i l and 
geological boundar ies . 
Sens i t ive to green biomass, 
opaque to water r e su l t i ng in 
high con t r a s t with vege ta t ion . 
developed for mi l i tary use in the year of 1950 for the location 
of mi l i tary vehicles and camp f i re e t c . In the mid 19 60, they 
were released for t h e i r use in c iv i l applicat ions. 
The images are acquired in t h e two atmospheric windows 
wavelengths, ranging from 3 to 5 ;am and from 8 to l4 ;Lim bands. 
The s a t e l l i t e thermal inf rated system can only records the 
energy frcxn 10.5 to 12,5 um band, owing to the presence of 
absorption band (9 t o 10 ;jm) . This absorption band i s caused 
by the ozone layer present in the atmosphere. The a i r c ra f t 
f l i e s beneath the ozone layer, records energy from 8 to 14 ;um 
b a i i d . 
However, i t i s not possible to record the thermal infra-
red radiation on a photographic film because i t i s absorbed by 
the glass lenses of conventional cameras. So, op t ica l mech-
anical scanners are used in order to detect the radiant energy 
which i s recorded d ig i t a l l y . The choice of different thermal 
IR wave length band depends upon the applicat ion. 
The eniss iv i ty , thermal conductivity, thermal capacity 
a-nd thermal enertia are the thermal properties of the matter. 
These properties determine the ra te and in tens i ty of i n t e ra -
c-rions between thermal energy and matter . The thermal IR 
l i n e scanner data have been used to detect very small tempe-
ra ture difference, crop type, the location of fores t hollows. 
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e t c , TIRr l i n e scanner da ta have a l so used to de tec t very l a rge 
temprature d i f f e r ences . P a r t i c u l a r l y , in t h e loca t ion of hot 
spr ings / geysers , gas seepage and l o c a t i o n of f i r e both above 
the ground and below the ground. 
Radar System x 
Radar ( radio de tec t ion and ranging) i s an a c t i v e ranote 
sensing system which operates in the microwave port ion of the 
electromagnet ic spectrum. The wavelength ranges from 0,1 to 
30 cm, 
Radar imaging systan provides a source of electromag-
n e t i c energy to i l l u m i n a t e the t e r r a i n and energy returned 
from the tferrain i s de tec ted by the system and recorded as 
imagery. 
Different types of the imaging and non-imaging radars 
have been developed for ac t ive remote sensing system for a 
va r i e ty of a p p l i c a t i o n s . The imaging radars include Side-
Looking airborne radar (SLAR) and Synthe t ic aper ture radar 
(SAR) , The non-imaging radars are Scat terometer . Two f re-
quency Scat terometer , Radar spectrometer and Al t imeter , 
IXiring second world war, radar was developed f o r loca-
t i n g t a r g e t and navigat ion purposes where the c i r c u l a r cathode-
ray- tube (CRT) and ro t a t i ng antenna were used. In 1950s, the 
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Side-Looking airbom radar (SLAR) was developed in order to 
take reconnaissance images for mi l i tary purposes. The Synthe-
t i c aperture radar (SAR) has been recently developed with the 
higher degree of spa t i a l resolution of 6 to 10 meters. I t is 
useful for geological studies and works in a l l season,- i r r e s -
pect ive of weather condition. 
The amount of energy reflected from the t e r ra in to 
the radar antenna i s known as radar re turn. The parameters 
strongly affect the radar return includes polar isat ion, dep-
ression angle, wavelength, detection constant of surface 
material and surface roughness e tc . Stronger radar returns 
resul t in the l ight tone and indicate the predominance of 
cul tura l features. The intermediate returns resul t ing in the 
production of medium tone on the image, which infer to the 
areas of open country whereas weaker or no return results in 
dark tone suggesting the presence of water body or hydrogeo-
logic features. Most of the available images have been acqui-
red by Ka band, X band and L band. 
Vt 
The wavelength of d i f f e r e n t band i s a s fo l lows : 
Band Wavelength (cm) 
Ka(0 .86 an) 0 .8 t o 1,1 
K 1.1 t o 1,7 
Ku 1.7 t o 2.4 
X (3 .0 and 3,2 an) 2 .4 to 3.8 
C 3.8 t o 7.5 
L (25 .0 an) 15 .0 to 30,0 
P 30.0 to 1000.0 
The r a d a r image i s very u s e f u l i n d e c i p h e r i n g t h e 
p r e s e n c e of f a u l t and e s t i m a t i n g t h e s o i l m o i s t u r e . I t 
i s supp lementa ry t o normal pho tog raphy owing t o i t s ope -
r a t i o n in t h e a r e a s of un favourab le wea the r c o n d i t i o n s t o o . 
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APPLICATION OF REMOTE SENSING IN GROUNDWATER EXPLORATION 
The remote s e n s i n g t e c h n i q u e s have proven t h e i r wor th 
i n e x p l o r i n g t h e g roundwate r resoxirces very wel l on accoun t 
o f i t s c h e a p e r c o s t , l a r g e i n f o r m a t i o n and s t o r a g e c a p a c i t y 
e t c . The geomorphology and s tudy of f r a c t u r e p a t t e r n ( in 
h a r d rode a r e a s ) have become t h e powerfu l a i d i n g t o o l in 
o b t a i n i n g t h e i n fo rma t ion abou t t h e hydrogeo log ic p r o p e r t i e s 
o f t h e f o r m a t i o n s • The major advan tage of t h i s t e c h n i q u e i s 
t h a t t h e g roundwate r su rveys a r e conducted in a r e l a t i v e l y 
s h o r t e r t ime than t h a t of c o n v e n t i o n a l methods. 
A e r i a l photographs were u s e d f o r groundwater e x p l o -
r a t i o n f o r t h e f i r s t t ime in t h e y e a r of 1950. With t h e 
s u c c e s s f u l l aunch of L a n d s a t - I on 23rd J u l y , 1972, i t has 
become p o s s i b l e t o map t h e p o t e n t i a l zones of g roundwate r 
w i t h t h e h e l p of s a t e l l i t e image. Hawe^R.H.L. (1958) has given 
t h e p r o c e d u r e s t o apply a i r photo i n t e r p r e t a t i o n in l o c a t i n g 
t h e groundwater . The b a s i s f o r hydromorphologic mapping i n 
v a r i o u s a r e a s v i z ; mounta ineous , a l l u v i a l , ha rd - rock and 
c o a s t a l t e r r a i n i s d e s c r i b e d by Roy,A.K. (1972,19 76,1979) and 
Sharma, S.K. e t . a l . , (1975) . Sharma, (1984) d e s c r i b e d t h e 
p r o c e d u r e s of groundwater s t u d i e s and made a s u r v e y of remote 
s e n s i n g a p p l i c a t i o n s over f i s s u r e d fo rmat ions o f t h e I n d i a n 
P e n i n s u l a r s h i e l d . Roy (1984) d e s c r i b e d the main t r e n d s of 
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ai r -bomeand s a t e l l i t e remote sensing app l i ca t ions for grx5und-
water exp lo ra t i on / a s , 
( i) mapping of drainage and drainage network a n a l y s i s , 
( i i ) mapping of landfoims, landuse and changes t h e r e i n , 
( l i i ) geologic and s t r u c t u r a l mapping v i s - a - v l s groundwater 
c o n t r o l s , (iv) mapping vegetat ion and drainage anomalies as 
i n d i c a t o r s for groundwater (v) evaluat ion of s o i l s (hydrologic 
s o i l groups) and s o i l moisture condi t ions and (vl) de l inea t ion 
of groundwater p o t e n t i a l zones based on geologic as well as 
landscape ind ica to ry s tud ies (hydromorphogeology)• 
I n t e r p r e t a t i o n of a e r i a l photographs with ground t r u t h 
da ta provides adequate information about the hydrogeologic 
p rope r t i e s of the rode formation. False colour composites and 
Thematic Happer da t a appear to be most useful for the mapping 
of hydrogeomorphological u n i t s . Thermal in f ra - red images a lso 
used to map the temperature v a r i a t i o n of ground surface enable 
to evaluate t he groundwater resources . The moisture content 
of the rock can be mapped by the radar images, gives poss ib le 
c lues about the hydrogeological p r o p e r t i e s of the formations. 
From the preceeding discussion i t appears t h a t the know-
ledge of geology and s t r u c t u r e , geomorphology, landform, drainage, 
vegeta t ion , cl imate of the area, landuse, l ineaments and t h e i r 
i n t e r s e c t i o n (in case of hardrocks) i s required in order to 
eva lua te the groundwater resources to have maximum des i red 
information through the in t eg ra t ed approach. 
C H A P T E R - IV 
G E O L O G Y A N D S T R U C T U R E 
Genera l S t a t e m e n t » 
The s t u d y a r e a compr i ses of e x t e n s i v e Deccan Trap 
B a s a l t and Alluvixim. The f o l l o w i n g g e n e r a l i z e d g e o l o g i c a l 
s u c c e s s i o n (Table —V) has come up on t h e b a s i s of t h e 
i n t e r p r e t a t i o n of Landsa t images and a e r i a l photographs 
w i t h l i m i t e d f i e l d check , 
T A B L E - V, 
Age Formation L i tho logy 
Recent 
Upper Cre t aceous to 
Lower Eocene 
Alluvium 
Deccan Trap 
Alluvixim-comprising 
of sand, s i l t and 
c l a y . 
B a s a l t . 
The p h o t o c h a r a c t e r s of l i t h o - u n i t s i d e n t i f i e d from t h e 
a e r i a l pho tog raphs and s a t e l l i t e images a r e given in t h e 
t a b l e Viand VII r e s p e c t i v e l y and d i s c u s s e d as fo l lows : 
Alluvium t 
Alluvixan appears as medium to dark grey in t o n e on 
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aerial photographs, l ight tone on black and white images and 
reddish grey to red cx>lour on false colour composites^ in 
areas where alluvium is covered by natural vegetation. I t i s 
characterised by sub-dendritic drainage pat tern but a conbi-
nation of d e n t r i t i c to rectangular drainage pat tern i s also 
seen at p laces . 
The narrow patches of alluvium have been delineated 
through Landsat images, confining along the r ivers and streams 
(Fig. 3). The thickness of alluvixim varies from few metres 
to about 30 metres. The alluvium is comprising of fine sand, 
s i l t and clay probably due to result of fluvial action, 
Deccan Trap Basalt t 
Major portion of the study area i s mainly covered by 
extensive basa l t i c trap (Fig. 3) . I t shows l igh t to dark 
grey tone on aerial photographs, l ight grey tone on black and 
white images and dark red to dark grey on false colour compo-
s i t e s . 
This l i tho-un i t is characterised by svib-dendritic 
drainage pat tern but a sort of intermix (dendritic and rec t -
angular) drainage pattern i s commonly observed in which lower 
order streams form dendrit ic pat tern while higher order streams 
const i tu te rectangular pa t te rn . This u n i t is overlain by 
alluvixim of variable thickness. The density of drainage varies 
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from low (on the f l a t to s l i gh t ly undulating top surfaces) to 
high (on the dissected margins), 
A nvunber of tongue l ike features and cerrated margins 
are ident i f ied and recognised on the Landsat images and on 
aer ia l photographs. These features are very helpful in iden-
tifying the Deccan Trap t e r r a i n . However, i t appears d i f f i cu l t 
to map the individual flow through landsat images or by aer ia l 
photographs because of land use pat tern and low outcrop e le -
vations. 
The study of the sections in the dug wells (unlined) 
along the r iver and nala cutt ings ' reveals tha t each flow 
can be sub-divided into d i s t i nc t un i t s . These sub-units in 
ascending order are massive trap, vesicular and amygdoloidal 
t rap, weathered trap and intertrappean or top most clay. 
The lowermost unit of flow is represented by massive, 
fractured and jointed basal t and consi t i tu tes about 3/4 of 
the to ta l thickness of each flow. This unit i s dark grey in 
colour£tfine to medixim grained in tex ture . Columnar jo in t s 
and fractures are the common features. 
The upper horizon i s represented by the vesicular and 
amygdoloidal uni ts of varying thickness, ranges from few 
metres to about 12 metres. Vesicles are formed as a resu l t 
of escape of the gases from the lava rich in vola t i le cons t i -
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tuents . In due course of time, these vesicles are f i l led 
up by secondary materials l ike ca lc i t e , quartz and zeoli te 
to give r i se to amygdales. 
The uppermost un i t of the flow const i tu tes weathered 
t rap (P l . l , F ig . l ) . with decreasing in tens i ty of weathering 
downward (Pl.l# Fig.2) . A large number of pebbles and boul-
ders are se t in a matrix of weathered rock debris, are the 
product of columnar jo in ts possibly due to spheriodal weath-
ering (PI.2, F i g . l ) . 
At some places, the top of the flow is marked by the 
development of reddish clay with variable thickness not more 
than few centimetres (P l . l , F i g . l ) . This uni t acts as a 
"Marker Horizon" and useful for the mapping of flows and t h e i r 
corre la t ion . 
Structure : 
Surface manifestations of the subsurface structural 
disturbance are very rare in the area. The landforms have 
been resulted by the normal processes of weathering and 
erosion. As evidenced by the northerly flow of major r ivers 
and the dips of trappean rocks gently towards north and north-
west. 
Jo ints and fractures have developed in the basa l t ic rocks 
2't 
The dens i ty of j o i n t s and f r ac tu re s appears more along the 
margins of p la teaus than t h a t of upland r eg ions . The j o i n t s 
are open in nature and width of j o i n t s ' o p e n i n g var ies from 
few mil imetres to severa l cen t ime t r e s . However, width of 
j o i n t s ' opening decreases downwards and seems to be closed 
a t depth. 
Lineaments : 
Using the Landsat 5, TM, FCC images, a lineament map 
(1 } 50,000) of the study area has been prepared (Fig. 3) 
Lineaments were a lso t r aced on 1 x 250,000. s c a l e (Fig, 4 ) . 
The lineaments show t h e i r prominent t rends in NE-SW,NW-SE 
and roughly N-S and E-W d i r e c t i o n s in decreasing order of 
dens i ty r e s p e c t i v e l y . Lineament i n t e r s e c t i o n s are commonly 
seen in the a r e a . Most of the r i v e r s and t h e i r t r i b u t a r i e s 
are flowing along the l ineaments . The dens i t y and degree of 
i n t e r s e c t i o n of lineaments are more along and near the K a l i -
Sindh r i v e r and on the r o l l i n g ground than t h a t of upland 
a r e a s . 
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C H A P T E R - V 
G E O M O R P H O L O G Y 
General S t a t e m e n t : 
Geomorphology p l a y s a v i t a l r o l e i n d e c i p h e r i n g t h e 
g roundwate r p o t e n t i a l zone . The t y p e o f landform and d r a i n a g e 
p a t t e r n g r e a t l y c o n t r o l t h e o c c u r r e n c e o f groundwater r e g i m e . 
With t h e advent of remote s e n s i n g t e c h n o l o g y , i t has became 
p o s s i b l e t o map t h e geomorphic e lements and d r a inage networic 
i n o r d e r t o s tudy t h e q u a n t i t a t i v e and q u a l i t a t i v e a s p e c t s o f 
geomorphology r e s p e c t i v e l y , 
Rao, D,P, (1984) has a p p l i e d the geomorphological 
t e c h n i q u e s very wel l in groundwater i n v e s t i g a t i o n , Pandey, 
S.N, (1987) has d e s c r i b e d t h e impor tance of geomorphology 
and landforms in groundwater i n v e s t i g a t i o n and r e c o g n i s e d t h e 
geomorphic i n d i c a t o r s which were found very s u i t a b l e f o r t h e 
g roundwate r o c c u r r e n c e s . 
In o r d e r t o e v a l u a t e t h e groundwater p o t e n t i a l i t y of 
t h e s tudy a r e a v a r i o u s geomorphic unites were mapped and 
morphometr ic a n a l y s i s of K a l i - S i r d h s u b - b a s i n was c a r r i e d o u t , 
GEOMORPHOLOGICAL MAPPING : 
Mapping of geomorphic u n i t s was c a r r i e d o u t in two 
s t a g e s . F i r s t l y , t h e geomorphic u n i t s were mapped on 
37 
1 : 25,000 s ca l e to ge t an ove ra l l reg ional p i c t u r e about 
t he geomorphic se t -up (Fig,4) which was followed by the 
mapping on 1 : 50,000 sca le t o acquire the d e t a i l e d infor-
mation about the area (Fig, 5 ) . Two d i s t i n c t type of 
geomorphic u n i t , were recognised, v i z : i ) u n i f of f luv ia l 
origin/fi t i i) u n i t of denudational origin.- Table VIII shows 
the geomorphic u n i t s and land forms on Landsat images. 
T A B L E - VIII 
Geomorphic 
units 
Unit, of fluvial 
origin 
Unit of 
denudational 
origin 
Landforms On 
sc 
Alluvial plain 
Flood plain 
(along the 
rivers) 
Flood plain 
(along the 
nalas) 
Infilled valley 
Meander scroll 
Dissected plateau 
Flat to slightly 
undulating top 
surfaces of 
plateau 
1:25,000 
ale image 
I 
NI 
NI 
NI 
NI 
I 
I 
On 1:50,000 
scale image 
I 
I 
I 
I 
I 
I 
I 
I - Identified NI - Not identified 
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UNIT OF FLUVIAL ORIGIN : 
T h i s u n i t has r e s u l t e d by t h e f l u v i a l p r o c e s s e s 
domina t ing a long t h e r i v e r s and n a l a s . A b r i e f d e s c r i p t i o n 
and p h o t o c h a r a c t e r s of t h e landforms I d e n t i f i e d under t h i s 
u n i t a r e g iven a s fo l lows s 
A l l u v i a l P l a i n : 
A l l u v i a l p l a i n s a p p e a r r e d d i s h t o p i n k i s h in c o l o u r 
on Landsa t IM, FCC images and e x h i b i t m o t t l e d t e x t u r e , 
i r r e g u l a r p a t t e r n , v a r i a b l e in s i z e , o c c u r a s s o c i a t e d w i t h 
f l u v i a l dynamics, and occupy mainly i n the t o p o g r a p h i c low 
l y i n g a r e a s . 
A l l u v i a l p l a i n s which a re cove red by a l l u v i a l and 
weathered m a t e r i a l a r e expec ted to y i e l d the s u b s t a n t i a l 
amount of g roundwater . 
Flood P l a i n : 
The flood plain areas appear light to reddish brown 
in colour depending upon the vegetation. They exhibit 
smooth texture, narrow and variable in size, elongated in 
shape and located mainly in the topographically low lying 
areas. 
Flood plains which are developed as a result of 
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deposits laid down by r ivers along i t s course, develop more 
or less f l a t topographic surface and fonn good aquifer 
zones. Flood plains along the nalas possess water mainly 
during rainy season, otherwise they ramain dry. Along 
the nalas, flood plains on FCC appear pinkish in colour 
with smooth texture due to presence of granular materials , 
narrow and l inear or curvi l inear in shape and occur associa-
ted with channels. 
In f i l l ed Valley i 
Valleys f i l l ed with unconsolidated, poorly sorted 
material appearing to be derived from the adjacent h i l ly or 
high plateau areas are designated as inf i l led valleys and 
they have high groundwater po ten t i a l i ty . 
In f i l l ed valleys (pi , -2 , Fig. -2) appear reddish in 
colour and are characterised by dendrit ic pa t te rn . They are 
variable in s ize , l inear to curvil inear in shape and mainly 
occupy the topographically depressed part of the plateau 
areas. 
Meander Scroll : 
Meander scrol ls are the resul t of meanders abandoned 
by cutoffs . The high density of vegetation in the meander 
scrol ls c lear ly indicates that i t is a good aquifer zone. 
4 : 
Meander s c r o l l s appear red i n c o l o u r wi th m o t t l e d 
t e x t u r e , convexed shaped and occu r a s s o c i a t e d w i t h the 
a l l u v i a l p l a i n , 
UNIT OF DENUDATIONAL ORIGIN : 
Th i s u n i t i s p roduced by t h e a c t i o n of d e n u d a t i o n a l 
p r o c e s s e s , A b r i e f d e s c r i p t i o n and p h o t o c h a r a c t e r s of t h e 
v a r i o u s landfo ims i d e n t i f i e d under t h i s u n i t a r e given as 
fo l lows : 
D i s s e c t e d P l a t e a u : 
D i s s e c t e d p l a t e a u ( P l . - 3 , F i 5 . - 1 ) i s t h e r e s u l t of 
d i f f e r e n t i a l e ro s ion of b a s a l t , c h a r a c t e r i s e d by high d r a i n a g e 
d e n s i t y , h i g h runoff and u n s u i t a b l e f o r ground wa te r d e v e l o p -
ment . 
D i s s e c t e d p l a t e a u i s i d e n t i f i e d by medium t o dark g rey 
t o n e , d i s s e c t e d p a t t e r n , rough t e x t u r e , i r r e g u l a r in shape , 
v a s t i n s i z e and occu r s a s s o c i a t e d w i t h t h e margins of f l a t 
s u r f a c e s of p l a t e a u s . 
F l a t t o s l i g h t l y u n d u l a t i n g t o p s u r f a c e s o f p l a t e a u : 
They a r e c h a r a c t e r i s e d by s l i g h t l y u n d u l a t i n g t o p o -
g r a p h i c s u r f a c e s . Due t o wea ther ing of u n d e r l y i n g t r a p 
r o c k s , t h i n cover of b l a c k c o t t o n s o i l i s developed ( P l , - 3 , F i g . - 2 ) 
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on t h e f l a t t o s l i g h t l y u n d u l a t i n g t o p s u r f a c e s o f p l a t e a u s . 
On L a n d s a t i m a g e s , t h e y a r e i d e n t i f i e d by t h e i r d a r k 
t o medium g r e y t o n e , i r r i g u l a r p a t t e r n , v a s t i n s i z e , i r r e -
g u l a r i n s h a p e and l o c a t e d a t r e l a t i v e l y h i g h e l e v a t e d 
a r e a s . 
MORPHDMETRIC ANALYSIS OP KALI-SINOH SUB-BASIN t 
The K a l i - S i n d h s u b - b a s i n i s s e l e c t e d f o r t h e 
h y d r o m o r p h o m e t r i e a n a l y s i s . The d r a i n a g e map o f K a l i - S i n d h 
s u b - b a s i n ( P i g . 6) w i t h s t r e a m o r d e r s a n d o t h e r b a s i n 
c h a r a c t e r i s t i c s has been p r e p a r e d i n o r d e r t o s t u d y t h e 
d r a i n a g e b a s i n c h a r a c t e r i s t i c s w i t h r e s p e c t t o i ) l i n e a r 
a s p e c t s o f t h e c h a n n e l s y s t e m , i i ) a r e a l a s p e c t o f d r a i n a g e 
b a s i n and i i i ) r e l i e f ( g r a d i e n t ) a s p e c t o f d r a i n a g e b a s i n 
and c h a n n e l n e t w o r k s . 
1) LINEAR ASPECTS OF THE CHANNEL SYSTEM : 
Stream O r d e r s : 
The sys t em w i t h r e g a r d t o d e s i g n a t i o n of t h e s t r e a m 
o r d e r s was i n t r o d u c e d by H o r t o n , R .E , (1945) a n d s l i g h t l y 
m o d i f i e d by S t r a h l e r , A.N. ( 1 9 5 2 ) , h a s b e e n f o l l o w e d f o r 
o r d e r i n g t h e s t r e a m s . S t r e a m s u p t c 6 t h o r d e r a r e p r e s e n t i n 
t h e w a t e r s h e d ( T a b l e IX) . 
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T A B L E - IX 
O r d e r 
number 
I 
I I 
I I I 
IV 
V 
VI 
Nxjmber o f 
S t r e a m 
829 
198 
43 
9 
2 
1 
1082 
Bifurca-
t i o n 
r a t i o 
(2; 
4 . 1 8 
4 . 6 0 
4 . 7 7 
4 . 5 0 
5 .00 
Nximber o f s t r e a m 
u s e d i n t h e 
r a t i o 
( 3 ; 
10 27 
247 
52 
11 
3 
1334 
P r o d u c t o f 
column 
2 & 3 
4 2 9 2 . 8 6 
1108 ,60 
248 .04 
4 9 . 5 0 
15 .00 
5 7 1 3 . 9 6 
Mean b i f u r c a t i o n r a t i o = 4 . 6 1 
W e i g h t e d mean from t h e t o t a l o f co lumn 4 & 3 = 4 , 2 8 
T A B L E - X 
S t r e a m S t r e a m l e n g t h Mean s t r e a m l e n g t h 
O r d e r (km) (km) 
L e n g t h r a t i o 
I 
I I 
I I I 
IV 
V 
VI 
1 9 3 . 2 
8 1 . 3 
5 0 . 1 
2 5 . 2 
8 . 1 
1 7 . 7 
0 . 2 3 3 
0 . 4 1 0 
1.160 
2 .80 
4 . 0 5 
1 7 . 7 0 
1.75 
2.82 
2.41 
1.45 
4.37 
Mean Length Ratio 
(Arithmatic)= 2,56 
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Stream Numbers : 
The law of stream number was given by Horton (1945), 
which s t a t e s t h a t nvimbers of stream segments of each order 
form an inverse geometric sequence with o r d e r number. 
The nxmber of stream segments p r e s e n t in the given 
order were counted and presen ted in Table IX. 
Bifurcat ion Ratio : 
Bifurcation r a t i o i s the r a t i o of number of stream 
segments p resen t in given order to the number of stream 
segments p resen t in the next higher o rde r . 
Q, N u 
Rb » Nu+1 
where, Rb = Bifurcat ion r a t i o 
Nu = Nximber of stream segment in the given 
o r d e r . 
Bifurcat ion r a t i o s for d i f fe ren t o rders were c a l c u l a t e d 
(Table IX), The values of b i furca t ion r a t i o f a l l in the range 
of 3,0 to 5.0 (Chow, V,T., 1964), for the watersheds in which 
geological s t r u c t u r e do not d i s t o r t the drainage p a t t e r n . 
I t was observed tha t the va r i a t ion in b i fu rca t ion r a t i o of 
d i f f e r en t o rders over mean value is very l i t t l e . Actual 
number of streams used in the r a t i o were counted and weighted 
mean b i fu rca t ion r a t io was ca lcu la ted (Table IX). The stream 
46 
order and niomber of streams were p l o t t e d on semi-log paper 
and a s t r a i g h t l i n e was drawn represen t ing a l l the poin ts 
p l o t t e d . The slope of which i s b i fu rca t ion r a t i o (Fig, 7 ) . 
Stream Length ; 
The length (RL) which tends to be cons tant throughout . 
the success ive order o f a watershed was suggested by Horton 
(1945), His law of stream length s t a t e s t h a t the mean lengths 
of stream channel of each of the success ive orders of a bas in 
tend to approximate a d i r e c t geometric sequence in which the 
f i r s t term i s the average stream length of segments of the f i r s t 
o rde r . Chow* (1964) has described the mean length (Lu) of a 
stream channel segment of order (u) as diamentional proper ty 
revea l ing the c h a r a c t e r i s t i c s i z e of component of a drainage 
network and i t s cont r ibu t ing basin s u r f a c e s . The length r a t i o 
i s the r a t i o of mean stream length of given order to mean 
stream length of next lower o r d e r . 
Table-X exh ib i t s the values of stream length , mean 
stream length , length r a t i o and mean length r a t i o . When 
mean stream length p l o t t e d aga ins t stream orders on san i - log 
paper, i nd i ca t e s tha t t h e mean stream leng th of stream increases 
with the inc rease of o rde r ( F i g , 8 ) . The be s t f i t regression 
l i n e was drawn and s lope of which determines the mean length 
r a t i o . 
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The t o t a l s t r ea t i l e n g t h s were p l o t t e d a g a i n s t t h e 
s t ream o r d e r on l o g - l o g p a p e r as s u g g e s t e d by S t r a h l e r (1957) , 
i l l u s t r a t e d i n P i g , 9 , 
2) AREAL ASPECTSOF DRAINAGE BASIN 
Basin Shape : 
Shape of a basin is an important factor in determining 
discharge characteristics of stream. These parameters give 
an account of the shape of hasin^Include elongation ratio (Re), 
form factor (Rf) and circularity ratio (Re)• A brief des-
cription of these parameters is given below. 
Form Factor (Rf) : 
This term was i n i t i a t e d by Horton (1932) , which i s t h e 
d i a m e n t i o n l e s s r a t i o of t h e b a s i n a r e a t o t h e square of b a s i n 
l e n g t h , t h u s : 
Au Rf 
Lb^ 
where, Au « b a s i n a r ea (km^) 
Lb = bas in l e n g t h (km) 
E longa t ion Ra t io (Re) : 
Schvimm, 5,A. (19 56) has d e f i n e d t h e e l o n g a t i o n r a t i o 
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5i 
as the r a t i o of diameter of a c i r c l e of t he same area as 
the bas in t o the maximum length of bas in , thus : 
Lb (max.) 
2 
where Au i s the basin a rea (km ) and Lb (max.) i s t he 
maximxam length of basin (km). 
C i r c u l a r i t y Ratio (Re) : 
Mi l l e r , V.C. (1953) used a diamensionless c i r c u l a r i t y 
r a t i o to descr ibe the shape of t h e basin as the r a t i o between 
the area of the basin and area of c i r c l e having the same 
circumference as t h e pe r ime te r of t h e bas in , thus ; 
Re = - " ' • * " 
p2 
where P denotes per imeter of the bas in (km) 
2 
and Au i s the area of bas in (km ) 
Values of various shape parameters of Kall-Sindh 
sub-basin have been determined and p resen ted in Table XI, 
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Drainage Density : 
Horton (19 32) has used t h i s term which i s obtained 
by d iv id ing t h e t o t a l stream length to t o t a l basin a r e a . 
Drainage dens i ty (Dd) «= —"— 
Au 
where L i s t o t a l length of steam (km) 
2 Au i s the area of t h e basin (km ) 
In general low drainage dens i ty i s favoured in the 
regions of highly r e s i s t a n t o r highly permeable subsoi l 
ma te r i a l s p a r t i c u l a r l y in the areas of dense vegeta t ive cover 
where r e l i e f is low. High drainage dens i ty i s favoured in the 
regionsof weak o r impermeable subsurface ma te r i a l , spa r se 
vegeta t ion and mountainous ipelief (Chow» 1964). The value 
of drainage densi ty i s given in Table XII, 
Stream Frequency: 
Stream frequency i s the number of stream segment 
per u n i t area, t h u s : 
Ns 
Stream frequency Fs = 
Au 
w.iere Ns i s t o t a l number of streams and Au i s the basin 
area (km ) . 
Table XII shows t h e niameric^l value of stream frequency. 
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In f i l t r a t i on Nximber t 
The in f i l t r a t i on number of given basin i s the 
product of drainage density and stream frequency. I t 
t e l l s about the i n f i l t r a t i o n character of a basin. The 
i n f i l t r a t i on nvmiber is inversely proportional to i n f i l t r a -
tion capacity of the basin and d i rec t ly proportional to 
runoff. The i n f i l t r a t i on number i s given in Table XII. 
The values of drainage density, stream frequency 
and i n f i l t r a t i on number indicate the pos s ib i l i t y of high 
runoff and low i n f i l t r a t i o n . 
Length of Overland Flow : 
Horton (1945) used the term length of overland flow 
as the length of flow path, projected to the horizontal, of 
non-channel flow from a point on the drainage divide to a 
point on the adjacent stream channel. Horton (1945) further 
observed t ha t length of overland flow i s one of most impor-
tant independent variable which affect hydrologic and physio-
graphic development of drainage basins. 
For the sake of simplicity, Horton had taken i t 
approximately equal to half of the reciprocal of drainage 
density, thus: 
length of overland flow Lg = —r— -^-^— 
Table XII shows the determined value of Lg. 
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RELIEF ASPECTSOF DRAINAGE BASIN AND CHANNEL NETWORKS : 
Channe l G r a d i e n t : 
C h a n n e l g r a d i e n t can b e d e t e r m i n e d by d i v i d i n g t h e 
d i f f e r e n c e s i n a t t i t u d e s from s o u r c e t o mouth by h o r i z o n t a l 
d i s t a n c e a l o n g t h e r i v e r . Channe l g r a d i e n t o f K a l i - S i n d h 
r i v e r was found a b o u t 1 ,24 nv/km. 
Maximtun B a s i n R e l i e f : 
Maximum b a s i n r e l i e f (H) i s t h e d i f f e r e n c e of e l e v a -
t i o n b e t w e e n b a s i n o u t l e t and h i g h e s t p o i n t on t h e p e r i m e t e r 
o f t h e b a s i n . I t i s v e r y i m p o r t a n t p a r a m e t e r i n o r d e r t o 
o b t a i n t h e p o t e n t i a l e n e r g y of d r a i n a g e s y s t e m . 
R e l i e f R a t i o : 
The t e r m r e l i e f r a t i o (Rh) was s u g g e s t e d by Schumm 
(1956) w h i c h i s d e t e r m i n e d by d i v i d i n g t h e maximum b a s i n 
r e l i e f t o maximum b a s i n l e n g t h , t h u s : 
Rh — H 
Lb (max.) 
where H denotes maximiom basin relief (m) and Lb (max.) 
is maximum length of the basin (m). 
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R e l a t i v e R e l i e f : 
The term r e l a t i v e r e l i e f (Rip) was used by Mel ton, M,A< 
(1957) . Accord ingly t h e r e l a t i v e r e l i e f i s 
Rhp x= — 
where H i s maximum b a s i n r e l i e f (m) and P i s p e r i m e t e r of 
t h e b a s i n (m), 
Ruqqedness Nxjmber : 
Ruggedness number (HD) i s t h e p r o d u c t of maximum 
b a s i n r e l i e f and d r a i n a g e d e n s i t y ( S t r a h l e r , 1964) . 
The v a l u e s of above mention p a r a m e t e r s of r e l i e f 
a s p e c t s a r e p r e s e n t e d i n Table X I I I . 
T A B L E - XIII 
Maximum b a s i n R e l i e f R e l a t i v e Ruggedness 
( r e l i e f (m) r a t i o r e l i e f number 
169 0 .0113 0.291 0 .496 
The va lue of r e l i e f r a t i o i s high^ r e v e a l i n g the 
o p e r a t i o n of more i n t e n s e e r o s i o n on t h e s l o p e s of b a s i n . 
This may be on account of fractured/jointed and weathered 
basa l t i c material and sof t a l luvial mater ia l . The value 
of ruggedness nximber indicates tha t the slope steepness 
is more. 
C H A P T E R - V I 
H Y D R O G E O L O G Y 
General Statement: 
In o rde r t o monitor the hydrogeological behaviour 
of geomorphic u n i t s , fouirty-six observat ion wells were 
s e t - u p ( Fig . 10 ) and well parameters were determined. 
I t was observed tha t the groundwater occurs under 
unconfined condit ion in shallow aqu i fe r s , but semi-confined 
condi t ions have a l so been repor ted by the personnel of 
Centra l Ground Water Board, in the b a s a l t i c formation during 
the i n s t a l l a t i o n of bored wells in the deeper a q u i f e r s . The 
unconsol idated formations are h ighly porous and permeable 
while in t he case of b a s a l t i c formation the po ros i t y and 
permeabi l i ty are determined by t h e presence of v e s i c u l a r 
zones, depth of weathered mantle and i n t e n s i t y of f r ac tu r ing 
and j o i n t i n g . 
Depth to water leve l map i n d i c a t e s tha t the ex is tence 
of water body i s found below the land sur face . I t has been 
observed t h a t depth to water l e v e l i s g r e a t e r in highland 
areas than those of v a l l e y bottoms ( Fig. 11 ) . In general 
the depthsof water l eve l in p h r e a t i c zones vary from a 
minimum of 2,40 metres in the Armati v i l l a g e to a maximum 
of 12,90 metres in the Piplyakulmi v i l l a g e as recorded during 


6. 
f ie ld check during pre-monsoon period. Table XIV shows 
the depth to water level below ground level and other well 
parameters in every observation well . 
Ground water Movement; 
The movement of ground water takes place through 
the interconnected pore spaces, j o in t s and fractures within 
the saturated portion of rock under the influence of fluid 
potent ia l force. The phreatic surface elevations exist ing 
in the observation wells are given in Table XIV. 
The upland areas coincide with recharge zone whereas 
low lying areas a re associated with discharge zone. The 
convex contours indicate regions of groundwater recharge 
while concave contours are associated with groundwater 
discharge. The contour map of the groundwater level of the 
area of in te res t exhibits the same as that indicated by 
Todd, D.K, ( 1980 ) . The hydraulic conductivity is re la t ively 
more in the eastern side of the groundwater divide than 
that in western s ide as indicated by the wider spacing of 
contours. The groundwater flow l ines indicate the l a te ra l 
flow towards valley side t e l l s about the effluent nature 
of Kali-Sindh and Chhapi rivers during pre-monsoon period 
( Fig. 12 ) . 
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Groundwater Resources: 
In order to evaluate the groundwater resources, 
the integrated information was generated in the l i g h t of 
topography, geology, geomorphology and hydrogeology of the 
area. Most of the parameters of geomorphic un i t s cppear 
sui table for the movement and occurrence of groundwater and 
are denarcated as groundwater po ten t ia l zones ( Fig. 13 ) . 
The groundwater potent ia l zones further c lass i f ied into 
excellent, excellent to moderate, moderate to poor and poor 
by relat ing the groundwater po ten t i a l i ty of every geomorphic 
uni t with each other . These geomorphic uni ts showing the 
groundwater po ten t ia l i ty are show in Table XV and discussed 
as follows! 
Excellent: 
Inf i l led val leys , meander sc ro l l s , a l luival plains, 
flood plains (along the river) f a l l under th is category. 
All the above mentioned units are composed of unconsolidated 
a l luv ia l material and showing the predominance of f luvial 
action possess^high porosity and permeability. Most of the 
cul t ivat ion i s r e s t r i c t ed to th i s zone. 
Alluvial p la ins , flood plains (along the r iver) 
and meander scro l l s are res t r i c ted to the topographic lov/ 
lying areas and serve as the groundwater discharging zone. 
T A B L E - XV 
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Sr . Gaomorphlc 
Ho. Unit 
Lltholo^y Structure Description Hydiclogic 
characters 
Groundwater 
p o t e n t i a l i t y 
Alluvial 
Plain 
Infilled-
valley 
Flood plain 
(Along the 
rivers) 
Flood plain 
(Along the 
nalss) 
Alluviun Plat 
Alluvium 
Alluviun 
Alluvium 
Linear to 
curvilinear. 
Flat 
Narrow 
l inear 
Fluvial landform,gently 
s lop ing , formed by the 
depos i t ion of s a n d , a i l t 
and alongwith eroded 
material from the nearby 
h i l l y terrain and suppor-
t ing good c u l t i v a t i o n . 
Fluvial landfons , f i l l edup 
with unconsolidated poorly 
sorted material and 
supporting good c u l t i v a -
tion,Most of the i n f i l l e d 
v a l l e y s are aligned along 
the lineaments. 
Fluvial landform comp-
r i s ing of unconsolidated 
sandy material, character-
isedby the presence of 
thick s o i l and suppor-
t ing good c u l t i v a t i o n . 
Fluvial landform compri-
s ing of unconsolidated 
sediments, remalrsdry 
during sunmer season and 
most of the c u l t i v a t i o n 
i s r e s t r i c t ed to t h i s 
u n i t . 
Highly porous 
and permiable 
zone, good 
aquifers and 
good dischar-
ging zone. 
Highly porous 
and permiable 
zone and s u i -
table of grou-
nd water 
recharge. 
Highly porous 
and perm.eable 
zone wi th 
seasonal 
recharge. 
Porous and per-
miable wi th 
l e s s water 
bearing 
aquifers . 
Exce l lent 
Excel lent 
Excel lent 
Excel lent 
to moderate 
Meander 
Scroll 
Dissected 
Plateau 
Flat to 
slightly 
undulating 
top surfaces 
of Plateau 
Alluvium 
Deccan 
Trap 
Basalt 
Deccan 
Trap 
Basalt 
Crescent 
Jointed 
and 
fractured 
Jointed 
and 
fractured 
Fluvial landform , consis-
t ing of unconsolidated 
mater ia l . 
Denudational landform , 
highly undulating tarraln 
with cerrated margin and 
sparse vegetat ion. 
Denudational landform 
ro l l ing topography, 
thicX, thin cover of 
black cotton so i l and 
supporting sparse 
c u l t i v a t i o n . 
Highly porous 
and permeable 
Runoff Zone 
Porosity and 
permeability 
depend upon 
v i z ; I n t e n s i t y 
of weathering, 
Fracturs/ 
Joints and 
Vesicular 
eones. 
Excel lent 
Poor 
Moderate to 
poor 
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The in f i l l ed valleys are located in topographic depressed 
areas and most of them aligned along the zone of weakness 
(lineament). On account of a l l these factors, these uni ts 
are ident if ied as high potential zone of groundwater. 
I t has also been observed tha t the recuperation 
in the observation wells located in th is zone is less 
af ter the well use which further supports the re la t ivetv 
high groundwater po ten t i a l i ty of the units (Table XIV ) , 
Excellent to moderate: 
Flood plains (along the nalas) are identif ied 
as excellent to moderate ground water potential zones. 
They are composed of unconsolidated material . Most of the 
flood plain areas (along thenalas) are in the alignment of 
the lineaments and possess ccod porosity and perrr.eability with 
the support of good cul t ivat ion. Time taken to recupe—rate 
the wells after the well u s ^ i s re la t ive ly more than those 
of high potential zone. These statements favour for 
re la t ive ly moderate po ten t i a l i ty . Generally the groundwater 
prospect in these zones are confined to be excellent to 
moderate. 
Moderate to poor; 
Flat to s l igh t ly undiilating top surfaces cf plateau 
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comes under this head. They are characterised by weathered 
and jointed basalt. The intensity of weathering and 
jointing determines the secondary porosity of the unit. The 
development of black cotton soil is supporting the sparse 
cultivation. Most of the wells located within the unit 
remain dry during summer season. On the basis of the above 
described factors, the unit has been identified as moderate 
to poor potential zone of groundwater. 
Poor t 
Dissected plateau, whidh acts as a runoff zone with 
low in f i l t r a t ion capacity, sparse vegetation and devoid 
of cult ivat ion ident i f ied and recognised as poor potent ial 
zone of groundwater. 
Conservation of Groundwater resources; 
For optimal and conjunctive use of groundwater, the 
conservation of groundwater resources i s very important. In 
most of the areas, the discharge is taken as prime important 
parameter for the development and management. In Deccan Trap 
region, the rate of input to output of groundwater i s very 
low which needs to be properly tackling of aquifers, with 
the intention of safe yield and conjunctive use. The area 
has been studied for selecting the conservation s i t e , through 
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aquifer recharge. 
Generally, two methods can be used for the aquifer 
recharge, i.e^ithrough la te ra l and ver t ica l process. 
Fig, 13 shows the s i t e selected for stop dam, with a 
view to recharge the aquifers through l a t e ra l process . 
For selecting such s i t e s s a t e l l i t e data have been used. 
Geology, topography, land use and geonorphology have been 
integrated to ar r ive at .At places where the drainage were 
aligned by lineament and f i l l e d up with re la t ive ly thick 
transported material , have been taken for diaphragm 
construction across such features. This will lead to 
r i s ing of water-table in the nearby areas, af ter gett ing 
r ich of aquifers. The cross check of the f eas ib i l i t y of 
the above s t ructure can be done through regular water 
level monitoring. At places where the vesicular basal t 
are exposed in the nalas^ cuttings and covered by another flow 
are generally unsaturated. The construction of stop dam 
along these areas wi l l recharge the aquifers through l a t e ra l 
process. In the similar way, if the top massive layer 
of basal t i s not very thick and underlain by vesicular 
basa l t of another flow which can be ranoved and trenches 
can be develop to construct percolation tank in order to get 
the ver t ica l recharge of the aquifers. 
C H A P T E R - VII 
S U M M A R Y A N D C O N C L U S I O N 
The purpose of p r e s e n t i nves t i ga t i on i s to i nves t i ga t e 
the geomorphology and i t s bear ing on the groundwater resource 
evaluat ion in p a r t s of Raj garb d i s t r i c t , Madhya Pradesh. 
Considerable a t t en t ion has been given to the geo logy/s t ru-
c tu re , georaorphology and hydrogeology of the area us ing remot-
ely sensed da ta , 
A summary of p resen t inves t iga t ion and conclusion drawn 
are presented aa follows : 
The study area, Rajgarh (north l a t i t u d e s 24°2'50" and 
24°10*42'' and eas t longi tude 76°11'28'* and 76°25'34") c o n s t i -
tu t e s a p a r t of Malwa Pla teau which l i e s in t h e nor th western 
p a r t of Madhya Pradesh S t a t e , India . 
Two d i s t i n c t geological formations are i d e n t i f i e d and 
recognised v i z . , Deccan Trap Basalt , ranges from Upper Cretaceous 
to Lower Eocene in age and Alluvium of Recent o r i g i n . The 
b a s a l t i c formation is divided in to three sub-uni t s namely, massive 
t r a p , v e s i c u l a r ctnd a'^n^ygdaloidal t r a p , weathered t r a p and at 
seme p laces reddish clay has been developed a t the t o p of the 
flow. The b a s a l t i c formation i s overlain by va r i ab le th ickness 
of Alluvi-um comprising of sand, s i l t and c l a y . 
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The lineaments are present almost in every direction 
viz: NE-SW, NW-SE, N-S and E-W. The lineament in te rsec-
tions are very commob. Most of the rivers and the i r 
t r ibu ta r i e s are controlled by the lineaments. The sub-
dendrit ic drainage pattern has been ident i f ied and recog-
nised. These lineaments play a key role in deciphering the 
groundwater potent ia l zones. 
Two d i s t i n c t types of geomorphic un i t viz; un i t of 
fluvial origin and unit of denudational origin are iden t i -
fied and recognised. The landforms identif ied under the 
vinit of f luvial origin include al luvial p la in , flood plain 
(along the r ive r s ) , flood plain (along the na las) , in f i l led 
valley, meander sc ro l l , whereas landforms under the iinit 
of denudational origin include dissected plateau and f l a t 
to s l igh t ly undulating top surfaces of plateau. 
Various drainage charac te r i s t i cs of Kali-Sindh sub-
basin are determined and discussed with respect to l inear , 
areal and re l ief aspects. The values of bifurcation ra t ios 
indicate tha t the basin i s not distorted by geological 
s t ruc tures . High drainage density, high stream frequency 
and high i n f i l t r a t i on capacity, with low overland flow account 
for high runoff and low i n f i l t r a t i o n . The values of re l ief 
rat io and ruggedness number reveal that the operation of 
intense erosion on the slopes of basin i s more and slope 
steepness is more respectively. 
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Groundwater occurs under unccnfiaed condition in almost 
a l l the aquifers but semiconfined conditions are also encoun-
tered in the deeper aquifers. Depth of water i s found greater 
in upland areas than those in the valley-bottoms and coincides 
recharge and discharge zone respectively. 
The variat ion of water levels in phreatic zones was 
found grea te r^ i .e . ,2 ,40 to 12.90 metres which may possibly he 
due to uneven topography. The groundwater flow l ines exhibi t 
the l a t e ra l flow towards valley s ides^sugges t the effluent 
nature of Kali-Sindh and Chhapi-rivers. 
The re la t ive groundwater po ten t ia l i ty of each geomorphic 
un i t was evaluated and c lass i f ied intc excellent, excellent to 
moderate, moderate to poor and poor. 
The al luvial pla ins , flood plairis (along the r ive rs ) , 
in f i l l ed val leys^ meander scrol ls shew the excellent ground-
water po t en t i a l i t y . The flood plains (along the nalas) were 
ident i f ied as excellent to moderate groundwater potent ia l 
zones. Flat to s l igh t ly undulating top surfaces of plateau 
comes under the moderate to poor poten-ial zones and dissected 
plateau was recognised as poor poter.t-al zone of groundwater. 
Recharging of aquifers by means of l a t e ra l and ver t ica l 
pracess and constmction of diaphracr. across the in f i l l ed valleys 
which are aligned by lineaments and f i l l ed up with re la t ive ly 
thick transported material 'vould help in conservation of ground-
water resources in the study area. 
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E X P L A N A T I O N O F P L A T E S 
P L A T E - I 
F ig . 1 Topmost u n i t of b a s a l t covered by reddish ciay 
under la in by weathered t r ap (eas t of Bamoiyakheri 
v i l l age ) • 
Fig, 2 An unl ined well showing decreasing i n t e n s i t y of 
weathering in b a s a l t down ward (south e a s t of 
Lacchmi-pura V i l l a g e ) • 
P L A T E - I I 
Fig, 1 Pebbles and boulders of b a s a l t se t in t h e matrix 
of the black cotton s o i l as a r e s u l t of spher iodal 
weathering (no r th -eas t of Minagaon v i l l a g e ) . 
Fig, 2 I n f i l l e d val ley showing dense vegeta t ion (about 
2 km, west of Machalpur town). 
P L A T E - I I I 
Fig, 1 Dissected p la teau showing thorny tushes and dry 
grasses (north of Limoda v i l l a g e ) , 
Fig, 2 Top surface of p l a t eau showing veneer of black 
cotton s o i l (north west of Malharpura v i l l a g e ) . 
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